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HIGHER ORDER SYMMETRIES
OF REAL HYPERSURFACES IN C3
MARTIN KOLAR AND FRANCINE MEYLAN
(Communicated by Franc Forstneric)
Abstract. We study nonlinear automorphisms of Levi degenerate hypersur-
faces of ﬁnite multitype. By results of Kolar, Meylan, and Zaitsev in 2014,
the Lie algebra of inﬁnitesimal CR automorphisms may contain a graded com-
ponent consisting of nonlinear vector ﬁelds of arbitrarily high degree, which
has no analog in the classical Levi nondegenerate case, or in the case of ﬁnite
type hypersurfaces in C2. We analyze this phenomenon for hypersurfaces of
ﬁnite Catlin multitype with holomorphically nondegenerate models in com-
plex dimension three. The results provide a complete classiﬁcation of such
manifolds. As a consequence, we show on which hypersurfaces 2-jets are not
suﬃcient to determine an automorphism. The results also conﬁrm a conjecture
about the origin of nonlinear automorphisms of Levi degenerate hypersurfaces,
formulated by the ﬁrst author for an AIM workshop in 2010.
1. Introduction
One of the central problems in CR geometry is the classiﬁcation of real hy-
persurfaces in Cn, up to biholomorphic equivalence. A complete solution of this
problem should also lead to a complete understanding of automorphism groups of
such manifolds.
When the hypersurface is Levi nondegenerate, the problem is well understood
thanks to the classical work of Chern and Moser [11]. In particular, the inﬁnitesimal
CR automorphisms of such manifolds form a graded Lie algebra with at most ﬁve
components. Moreover, by results of Kruzhilin and Loboda ([29]), if a strongly
pseudoconvex hypersurface is not equivalent to the sphere, there are at most three
graded components, and all inﬁnitesimal automorphisms are linear in appropriate
coordinates. For the sphere itself, the coeﬃcients are at most quadratic, which
implies 2-jet determination in general.
Similar results were obtained for hypersurfaces of ﬁnite type in C2. In particular,
the same 2-jet determination result holds (see [16], [24]).
In a recent paper [23], the same problem is considered for Levi degenerate hy-
persurfaces in Cn with weighted homogeneous polynomial models, which replace
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the model hyperquadric from the nondegenerate case. The results describe possible
structures of inﬁnitesimal CR automorphism algebras for hypersurfaces of ﬁnite
Catlin multitype with holomorphically nondegenerate models. Compared to the
Levi nondegenerate case, there are in general six possible components. The new
phenomenon is the existence of nonlinear inﬁnitesimal CR automorphisms in the
complex tangential variables, which are of arbitrarily high degree in general.
Our aim in this paper is to analyze this phenomenon and provide a complete
description of hypersurfaces of ﬁnite Catlin multitype with holomorphically nonde-
generate models in C3 which admit such automorphisms.
Let us recall that the Catlin multitype is an important CR invariant which
Catlin introduced to prove subelliptic estimates on pseudoconvex domains ([9],
[10]). The deﬁnition of multitype was extended to the general case (not necessarily
pseudoconvex) in [25]. It provides a natural setting for an extension of the Chern-
Moser theory to degenerate manifolds ([23]).
We consider a weighted homogeneous model of ﬁnite Catlin multitype that is
holomorphically nondegenerate. Let
(1.1) MP := {Imw = P (z, z¯)}, (z, w) ∈ C2 × C,
where P is a real-valued weighted homogeneous polynomial with respect to the
multitype weights μ1, μ2 (see Section 2 for the needed deﬁnitions).
As proved in [23], the Lie algebra of inﬁnitesimal CR automorphisms g =
aut(MP , 0) of MP admits the weighted decomposition given by
(1.2) g = g−1 ⊕
2⊕
j=1
g−μj ⊕ g0 ⊕ gc ⊕ gn ⊕ g1.
Here gc contains vector ﬁelds commuting with W and gn contains vector ﬁelds not
commuting with W , both of weight μ ∈ (0, 1) (see [23] for more details). Notice
that g−1 contains W = ∂w and g0 contains the weighted Euler ﬁeld, hence they are
always nontrivial. A complete description of g1 is also contained in [23].
Remark 1.1. By the results of [23], the elements of gn and g1 are determined by
ordinary 2-jets, hence higher order inﬁnitesimal automorphisms may occur only
when gc is nontrivial.
In this paper, we study all hypersurfaces whose model has nontrivial gc. Our
results conﬁrm a conjecture about the origin of nonlinear automorphisms of Levi
degenerate hypersurfaces formulated by the ﬁrst author (see the 2010 AIM list
of problems at http://www.aimath.org/WWN/crmappings/crmappings.pdf): MP
has a nonlinear symmetry if and only if there is a holomorphic mapping f of Mp
into a hyperquadric in CK and a symmetry of the hyperquadric, which is f -related
to the automorphism of MP .
Note that mappings of CR manifolds into hyperquadrics have been studied inten-
sively in recent years (see e.g. [1], [14]). Here we ask in addition about compatibility
with a symmetry of the hyperquadric. Let us remark that analyzing gn requires
completely diﬀerent techniques and is the subject of a forthcoming paper [28].
In order to formulate our ﬁrst result, let us recall that two vector ﬁelds X1 and
X2 are f -related (or compatible by f) if f∗(X1) = X2.
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Theorem 1.2. Let MP be a holomorphically nondegenerate hypersurface given by
(1.1). Assume that dim gc > 0 and let Y ∈ gc be a nonzero vector ﬁeld. Then there
exist an integer K ≥ 3 and a holomorphic polynomial mapping f : C3 −→ CK
which maps MP into a hyperquadric H ⊆ CK , such that Y is f-related with an
inﬁnitesimal CR automorphism of H.
The proof is based on an explicit complete description of models with nontrivial
gc, for which we need the following deﬁnition.
Deﬁnition 1.3. Let Y be a weighted homogeneous vector ﬁeld. A pair of ﬁnite
sequences of holomorphic weighted homogeneous polynomials {U1, . . . , Un} and
{V 1, . . . , V n} is called a symmetric pair of Y -chains if
(1.3) Y (Un) = 0, Y (U j) = cjU
j+1, j = 1, . . . , n− 1,
(1.4) Y (V n) = 0, Y (V j) = djV
j+1, j = 1, . . . , n− 1,
where cj , dj are nonzero complex constants which satisfy
(1.5) cj = −d¯n−j .
If the two sequences are identical, we say that {U1, . . . , Un} is a symmetric Y -chain.
Example 1.4. Let
Y = iz2
l ∂
∂z1
.
Then the pair {U1, U2} = {z1, zl2} is a symmetric Y -chain, since Y (U2) = 0 and
Y (U1) = iU2. Then for the hypersurface given by
Imw = ReU1U2 = Re z1z2
l,
we have Y ∈ gc.
The following result shows that in general the elements of gc arise in an analogous
way.
Theorem 1.5. Let MP be a holomorphically nondegenerate model given by (1.1)
admitting a nontrivial Y ∈ gc. Then P can be decomposed in the following way:
(1.6) P =
M∑
j=1
Tj ,
where each Tj is given by
(1.7) Tj = Re (
Nj∑
k=1
Ukj V
Nj−k+1
j ),
where {U1j , . . . , UNjj } and {V 1j , . . . , V Njj } are a symmetric pair of Y -chains.
Conversely, if Y and P satisfy (1.3) – (1.7), then Y ∈ gc.
Remark 1.6. It is immediate to see that Y is uniquely and explicitly determined
by P . More precisely, since MP is holomorphically nondegenerate, at least one of
the Tj has length Nj ≥ 2. For such a Tj we have
Y =
cNj−1U
Nj−1
j
Δ
(
−∂U
Nj
j
∂z2
∂z1 +
∂U
Nj
j
∂z1
∂z2
)
,
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where Δ is the Jacobian of {UNj−1j , UNjj }. Hence for a given hypersurface the
results also provide a simple constructive tool to determine gc. Moreover, this also
shows that the real dimension of gc is at most one.
Examples of symmetric chains of arbitrary length are described at the end of
Section 3. Using Remark 1.1, we obtain
Theorem 1.7. Let M be an arbitrary smooth hypersurface of ﬁnite Catlin mul-
titype. If its model is holomorphically nondegenerate and not biholomorphically
equivalent to one of the form described in Theorem 1.5, then the automorphisms of
M are determined by their 2-jets.
The paper is organized as follows. Section 2 contains the necessary deﬁnitions
used in the rest of the paper. Section 3 deals with the gc component of the algebra
aut(MP , 0). Section 4 completes the proofs of the above theorems.
2. Preliminaries
Let M ⊆ C3 be a smooth hypersurface, and let p ∈ M be a point of ﬁnite type
m ≥ 2 in the sense of Kohn and Bloom-Graham ([5], [6], [22]).
We consider local holomorphic coordinates (z, w) vanishing at p, where z =
(z1, z2) and zj = xj + iyj , j = 1, 2, and w = u + iv. The hyperplane {v = 0} is
assumed to be tangent to M at p, hence M is described near p = 0 as the graph of
a uniquely determined real-valued function
(2.1) v = ϕ(z1, z2, z¯1, z¯2, u), dϕ(0) = 0.
We can assume that (see e.g. [5])
(2.2) ϕ(z1, z2, z¯1, z¯2, u) = Pm(z, z¯) + o(u, |z|m),
where Pm(z, z¯) is a nonzero homogeneous polynomial of degree m without pluri-
harmonic terms.
Recall that the deﬁnition of multitype involves rational weights associated to the
variables w, z1, z2. The variables w, u, and v are given weight one, reﬂecting our
choice of tangential and normal variables. The complex tangential variables (z1, z2)
are treated according to the following deﬁnitions (for more details, see [25]).
Deﬁnition 2.1. A weight is a pair of nonnegative rational numbers Λ = (λ1, λ2),
where 0 ≤ λj ≤ 12 and λ1 ≥ λ2.
Let Λ = (λ1, λ2) be a weight, and let α = (α1, α2), β = (β1, β2) be multiindices.
The weighted degree κ of a monomial
q(z, z¯, u) = cαβlz
αz¯βul, l ∈ N,
is deﬁned as
κ := l +
2∑
i=1
(αi + βi)λi.
A polynomial Q(z, z¯, u) is weighted homogeneous of weighted degree κ if it is a
sum of monomials of weighted degree κ.
For a weight Λ, the weighted length of a multiindex α = (α1, α2) is deﬁned by
|α|Λ := λ1α1 + λ2α2.
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Similarly, if α = (α1, α2) and αˆ = (αˆ1, αˆ2) are two multiindices, the weighted
length of the pair (α, αˆ) is
|(α, αˆ)|Λ := λ1(α1 + αˆ1) + λ2(α2 + αˆ2).
Deﬁnition 2.2. A weight Λ will be called distinguished for M if there exist local
holomorphic coordinates (z, w) in which the deﬁning equation of M takes the form
(2.3) v = P (z, z¯) + oΛ(1),
where P (z, z¯) is a nonzero Λ-homogeneous polynomial of weighted degree 1 without
pluriharmonic terms, and oΛ(1) denotes a smooth function whose derivatives of
weighted order less than or equal to one vanish.
The fact that distinguished weights do exist follows from (2.2). For these coor-
dinates (z, w), we have
Λ = (
1
m
,
1
m
).
In the following, we shall consider the standard lexicographic order on the set of
pairs.
We recall the following deﬁnition (see [9]).
Deﬁnition 2.3. Let ΛM = (μ1, μ2) be the inﬁmum of all possible distinguished
weights Λ with respect to the lexicographic order. The multitype of M at p is
deﬁned to be the pair
(m1,m2),
where
mj =
{
1
μj
if μj = 0,
∞ if μj = 0.
If none of the mj is inﬁnity, we say that M is of ﬁnite multitype at p.
Clearly, since the deﬁnition of multitype includes all distinguished weights, the
inﬁmum is a biholomorphic invariant.
Coordinates corresponding to the multitype weight ΛM , in which the local de-
scription of M has the form (2.3), with P being ΛM -homogeneous, are called mul-
titype coordinates.
If M is of ﬁnite multitype at p, the inﬁmum in (2.3) is attained, which implies
that multitype coordinates do exist ([9], [25]).
Deﬁnition 2.4. Let M be given by (2.3). We deﬁne a model hypersurface MP
associated to M at p = 0 by
(2.4) MP = {(z, w) ∈ C3 | v = P (z, z¯)}.
Next let us recall the following deﬁnitions.
Deﬁnition 2.5. Let X be a holomorphic vector ﬁeld of the form
(2.5) X =
2∑
j=1
f j(z, w)∂zj + g(z, w)∂w.
We say that X is rigid if f1, f2, g are all independent of the variable w.
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Note that the rigid vector ﬁeld W , of homogeneous weight −1, given by
(2.6) W = ∂w
lies in aut(MP , 0). We will denote by E the weighted homogeneous vector ﬁeld of
weight 0 deﬁned by
(2.7) E =
2∑
j=1
μjzj∂zj + w∂w,
i.e. the weighted Euler ﬁeld. Note that by deﬁnition of μj , E is a nonrigid vector
ﬁeld lying in aut(MP , 0).
We can divide homogeneous rigid vector ﬁelds into three types, and introduce
the following terminology.
Deﬁnition 2.6. Let X ∈ aut(MP , 0) be a rigid weighted homogeneous vector ﬁeld.
X is called
(1) a shift if the weighted degree of X is less than zero;
(2) a rotation if the weighted degree of X is equal to zero;
(3) a generalized rotation if the weighted degree of X is bigger than zero.
Notice that X ∈ aut(MP , 0) is a generalized rotation if and only if it has positive
weighted degree and commutes with W . In other words, generalized rotations are
precisely the elements of gc.
3. Generalized rotations
In this section we study nonlinear inﬁnitesimal CR automorphisms of hypersur-
faces of ﬁnite multitype and derive an explicit description of all models which admit
a generalized rotation.
Lemma 3.1. Let Y = f1
∂
∂z1
+f2
∂
∂z2
be a weighted homogeneous holomorphic vector
ﬁeld of weighted degree > 0. Then the space of weighted homogeneous polynomials
in z of a given weighted degree ν annihilated by X has complex dimension at most
one.
Proof. First we claim that Y cannot be a multiple of the Euler ﬁeld. Indeed, if
Y = hE with h holomorpic and nonconstant, then Y (P ) = 0 has no homogeneous
solution, since ReY (P ) = RehP = 0. Hence there exists a point q such that Y (q) is
not a multiple of the Euler ﬁeld. This point lies on a uniquely determined complex
curve zm11 = cz
m2
2 , and Y is transverse to this curve in a neighborhood of q. By
homogeneity, on this curve P (z1, z2) is determined up to a multiplicative complex
constant. Fixing this constant, by the uniqueness property for solutions of complex
ODEs ([19]), the equation Y (P ) = 0 determines P uniquely in a neighborhood of
q. Since P is a polynomial, if it exists, it is determined uniquely. Hence the space
of solutions of Y (P ) = 0 is at most one dimensional. 
Lemma 3.2. Let Vn, n ∈ N, be the space
(3.1) Vn = {X|Y n(X) = 0},
where X is a holomorphic polynomial of a given constant weighted length and Y is
a weighted homogeneous holomorphic vector ﬁeld. Then
(3.2) dimVn ≤ n.
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Moreover, when dn = dimVn > 0, one can choose a basis for Vn of the form
(3.3) {Fns , s = 1, 2, . . . , dn|Y dn(Fndn) = 0,
Y dn−1(Fndn) = 0, Y dn−1(Fns ) = 0, s = 1, 2, . . . , dn − 1}.
Proof. We prove the lemma by induction. The case n = 1 is a direct application
of the previous lemma. Suppose now that the lemma is true for n and prove it for
n+ 1. We have
(3.4) Vn+1 = {X|Y n+1(X) = 0} = {X|Y n(Y (X)) = 0}.
By induction, we obtain that
(3.5) Y (X) ∈ span[Fns , | Y dn(Fndn) = 0, Y dn(Fndn) = 0, Y dn−1(Fns ) = 0,
s = 1, . . . , dn − 1],
which implies that
(3.6) dimVn+1 ≤ n+ 1.
After performing a linear combination of the solutions X of (3.5), we may satisfy
(3.3). 
Theorem 3.3. Let MP be given by (1.1) admitting a generalized rotation Y. Then
P can be decomposed in the following way:
(3.7) P =
M∑
j=1
Tj ,
where each Tj is given by
(3.8) Tj = Re (
Nj∑
k=1
Ukj V
Nj−k+1
j ),
where {U1j , . . . , UNjj } and {V 1j , . . . , V Njj } are a symmetric pair of Y -chains.
Proof. Let
(3.9) P =
l∑
k=1
Pk
be the bihomogeneous expansion of P , where P1 = 0, Pl = 0. Each Pj is weighted
homogeneous with respect to z of weighted degree cj where c1 < c2 < · · · < cl.
We may write
(3.10) P1 =
r∑
j=1
Sc1j S
cˆ1
j ,
with r minimal. Note that c1+ cˆ1 = 1. We claim that r = 1. Since Y is a generalized
rotation, we must have
(3.11) Y (
r∑
j=1
Sc1j S
cˆ1
j ) =
r∑
j=1
Sc1j Y (S
cˆ1
j ) = 0.
Since r is minimal, this implies that
(3.12) Y (S cˆ1j ) = 0
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for all j. Using Lemma 3.2, we conclude that
(3.13) S cˆ1j ∈ [S cˆ11 ]
for all j. We may then write P1 as
(3.14) P1 = Q
c1
1 Q
cˆ1
1 .
Hence, r = 1 and the claim is proved. We write now
(3.15) Pk =
rk∑
j=1
Sckj S
cˆk
j ,
with rk minimal.
We claim that Pk can be rewritten as
(3.16) Pk = Q
ck
k Q
cˆk
k + P˜k
so that there is a dk ≤ k such that
(3.17) Y dk(Qcˆkk ) = 0, Y
dk−1(Qcˆkk ) = 0, Y dk−1(P˜k) = 0.
We prove the claim by induction. The case k = 1 has just been proved.
Suppose by induction that (3.16) holds for k. Since Y is a generalized rotation,
we have
(3.18) Y (Qckk )Q
cˆk
k + Y (P˜k) +
rk+1∑
j=1
S
ck+1
k+1 Y (S
cˆk+1
k+1 ) = 0.
Applying Y
dk
to (3.18), we get
(3.19)
rk+1∑
j=1
S
ck+1
j Y
dk+1(S
cˆk+1
j ) = 0.
Since rk+1 is minimal,
(3.20) Y dk+1(S
cˆk+1
j ) = 0
for all j. Using Lemma 3.2, we obtain that rk+1 ≤ dk + 1 ≤ k + 1. Using (3.3), we
may then rewrite Pk+1 in the form given by (3.16). The claim is then proved.
Let N1 ≤ l be minimal such that
Y (Qckk ) = 0, k = 1, . . . , N1 − 1, Y (Q
cN1
N1
) = 0.
We consider the following set E1 given by
(3.21) E1 = {Qckk Qcˆkk , k = 1, . . . , N1}.
Note that this set is not empty since Y (Qcll ) = 0.
We claim that the following hold for every element of E1.
(1) dk = k, k = 1, . . . , N1,
(2) Y (Qk
ck) = akQ
ck+1
k+1 ,
(3) Y (Q
cˆk+1
k+1 ) = bk+1Qk
cˆk +Rk, where Y
k−1(Rk) = 0.
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We show that dk = k using induction as above. Indeed, suppose that this is true
for k < N1 − 1 and show that it is also true for k + 1. Using the fact that Y is a
generalized rotation, we have as in (3.18),
(3.22) Y (Qckk )Q
cˆk
k + Y (P˜k) + (Q
ck+1
k+1 )Y (Q
cˆk+1
k+1 ) + Y (P˜k+1) = 0.
Applying Y
k−1
to (3.22), we obtain
(3.23) Y (Qckk )Y
k−1
(Qcˆkk ) + (Q
ck+1
k+1 )Y
k
(Q
cˆk+1
k+1 ) = 0.
Hence, using (3.23), dk+1 = k + 1 by deﬁnition of E1, and hence
(3.24) Y (Qckk ) = akQ
ck+1
k+1 ,
(3.25) Y k(Q
cˆk+1
k+1 ) = bk+1Y
k−1Qcˆkk ,
which implies
(3.26) Y k−1(Y (Qcˆk+1k+1 )− bk+1Qcˆkk ) = 0,
and hence
(3.27) Y (Q
cˆk+1
k+1 ) = bk+1Q
cˆk
k +Rk,
where Y k−1(Rk) = 0. This achieves the proof of the claim. Using (3.27) and (3.16),
we may then assume without loss of generality that Rk = 0. We deﬁne the chains
by putting
(3.28)
{
Uk1 := Q
ck
k ,
V k1 := Q
cˆN1−k+1
k .
It follows from the above properties of E1 that U
k
1 and V
k
1 form a chain. In other
words, we may write
(3.29) P = Re (
N1∑
k=1
Uk1 V
N1−k+1
1 ) + Pˆ , k = 1, . . . , N1.
It follows from (3.23) that Y is a generalized rotation for
Imw = Re (
N1∑
k=1
Uk1 V
N1−k+1
1 ).
It follows from (3.23) that ak = −b¯k+1, which means that the U and V are a pair
of symmetric chains. Hence Y is a generalized rotation also for Pˆ . We can repeat
the above argument for Pˆ and in a ﬁnite number of steps we reach the conclusion
of the theorem. 
Note that symmetric chains and pairs of chains of any length can arise.
Example 3.4. Let
Y = z21∂z1 − z1z2∂z2 .
Given three integers 1 ≤ l ≤ m ≤ n, we ﬁrst deﬁne
U l = zn1 z
n
2 .
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We can build a symmetric Y -chain by setting U j = cjz
n−l+j
1 z
n
2 for j = 1, . . . , l− 1
for suitable constants cj . Analogously, setting in addition
V l = zm1 z
m
2 ,
we can get in the same way a pair of symmetric Y -chains of arbitrary length l.
4. Proofs of the main results
In this section we complete the proofs of the results stated in the Introduction.
The ﬁrst part of Theorem 1.5 has already been proved in Section 3 (as Theorem
3.3). The second, converse part of the statement is immediate to verify.
In order to prove Theorem 1.7, we combine Theorem 1.5 with Theorem 4.7 and
Theorem 6.2 from [23]. They imply that on a smooth hypersurface of ﬁnite Catlin
multitype, 2-jets are always suﬃcient to determine an element from g1 and gn.
Proof of Theorem 1.2. In the notation of Theorem 3.3, we set
(4.1) K = 2
M∑
j=1
Nj + 1.
We deﬁne a hyperquadric in CK+1 by
(4.2) Im η = Re
M∑
j=1
Nj∑
k=1
ζj,kζ ′j,Nj−k+1,
and consider the mappping C3 → CK+1 given by η = w and
(4.3) ζj,k = U
k
j (z1, z2)
and
(4.4) ζ ′j,k = V
k
j (z1, z2).
It is immediate to verify that the automorphism Y of MP is f -related to the auto-
morphism of this hyperquadric, deﬁned by
(4.5) Z =
M∑
j=1
Nj∑
k=2
ck−1,j ζj,k∂ζj,k−1 + dk−1,j ζ
′
j,k∂ζ′j,k−1 .
Indeed, the condition for f -related vector ﬁelds becomes exactly the chain condition
(1.3)-(1.5).
References
[1] M. S. Baouendi, Peter Ebenfelt, and Xiaojun Huang, Super-rigidity for CR embeddings
of real hypersurfaces into hyperquadrics, Adv. Math. 219 (2008), no. 5, 1427–1445, DOI
10.1016/j.aim.2008.07.001. MR2458142 (2010b:32051)
[2] E. Bedford and S. I. Pinchuk, Convex domains with noncompact groups of automor-
phisms (Russian, with Russian summary), Mat. Sb. 185 (1994), no. 5, 3–26, DOI
10.1070/SM1995v082n01ABEH003550; English transl., Russian Acad. Sci. Sb. Math. 82
(1995), no. 1, 1–20. MR1275970 (95e:32037)
[3] V. K. Beloshapka, V. V. Ezhov, and G. Schmalz, Holomorphic classiﬁcation of four-
dimensional surfaces in C3 (Russian, with Russian summary), Izv. Ross. Akad. Nauk Ser.
Mat. 72 (2008), no. 3, 3–18, DOI 10.1070/IM2008v072n03ABEH002406; English transl., Izv.
Math. 72 (2008), no. 3, 413–427. MR2432751 (2009g:32074)
10
[4] V. K. Beloshapka and I. G. Kossovskiy, Classiﬁcation of homogeneous CR-manifolds in di-
mension 4, J. Math. Anal. Appl. 374 (2011), no. 2, 655–672, DOI 10.1016/j.jmaa.2010.07.008.
MR2729251 (2011j:32053)
[5] Thomas Bloom and Ian Graham, On “type” conditions for generic real submanifolds of Cn,
Invent. Math. 40 (1977), no. 3, 217–243. MR0589930 (58 #28644)
[6] Thomas Bloom and Ian Graham, A geometric characterization of points of type m on
real submanifolds of Cn, J. Diﬀerential Geometry 12 (1977), no. 2, 171–182. MR0492369
(58 #11495)
[7] Michael Beals, Charles Feﬀerman, and Robert Grossman, Strictly pseudoconvex domains in
Cn, Bull. Amer. Math. Soc. (N.S.) 8 (1983), no. 2, 125–322, DOI 10.1090/S0273-0979-1983-
15087-5. MR684898 (85a:32025)
[8] Cartan, E., Sur la ge´ome´trie pseudo-conforme des hypersurfaces de deux variables complexes,
I , Ann. Math. Pura Appl. 11 (1932), 17–90.
[9] David Catlin, Boundary invariants of pseudoconvex domains, Ann. of Math. (2) 120 (1984),
no. 3, 529–586, DOI 10.2307/1971087. MR769163 (86c:32019)
[10] David Catlin, Subelliptic estimates for the ∂-Neumann problem on pseudoconvex domains,
Ann. of Math. (2) 126 (1987), no. 1, 131–191, DOI 10.2307/1971347. MR898054 (88i:32025)
[11] S. S. Chern and J. K. Moser, Real hypersurfaces in complex manifolds, Acta Math. 133
(1974), 219–271. MR0425155 (54 #13112)
[12] John P. D’Angelo, Real hypersurfaces, orders of contact, and applications, Ann. of Math. (2)
115 (1982), no. 3, 615–637, DOI 10.2307/2007015. MR657241 (84a:32027)
[13] Peter Ebenfelt, New invariant tensors in CR structures and a normal form for real hy-
persurfaces at a generic Levi degeneracy, J. Diﬀerential Geom. 50 (1998), no. 2, 207–247.
MR1684982 (2000a:32077)
[14] Peter Ebenfelt, Xiaojun Huang, and Dmitri Zaitsev, The equivalence problem and rigidity
for hypersurfaces embedded into hyperquadrics, Amer. J. Math. 127 (2005), no. 1, 169–191.
MR2115664 (2006c:32047)
[15] Peter Ebenfelt, Bernhard Lamel, and Dmitri Zaitsev, Degenerate real hypersurfaces in C2
with few automorphisms, Trans. Amer. Math. Soc. 361 (2009), no. 6, 3241–3267, DOI
10.1090/S0002-9947-09-04626-1. MR2485425 (2010f:32037)
[16] P. Ebenfelt, B. Lamel, and D. Zaitsev, Finite jet determination of local analytic CR auto-
morphisms and their parametrization by 2-jets in the ﬁnite type case, Geom. Funct. Anal.
13 (2003), no. 3, 546–573, DOI 10.1007/s00039-003-0422-y. MR1995799 (2004g:32033)
[17] Gregor Fels and Wilhelm Kaup, Classiﬁcation of Levi degenerate homogeneous CR-manifolds
in dimension 5, Acta Math. 201 (2008), no. 1, 1–82, DOI 10.1007/s11511-008-0029-0.
MR2448066 (2009k:32045)
[18] Xiaojun Huang and Wanke Yin, A Bishop surface with a vanishing Bishop invariant,
Invent. Math. 176 (2009), no. 3, 461–520, DOI 10.1007/s00222-008-0167-1. MR2501295
(2010f:32039)
[19] Yulij Ilyashenko and Sergei Yakovenko, Lectures on analytic diﬀerential equations, Gradu-
ate Studies in Mathematics, vol. 86, American Mathematical Society, Providence, RI, 2008.
MR2363178 (2009b:34001)
[20] A. V. Isaev and S. G. Krantz, Domains with non-compact automorphism group: a survey,
Adv. Math. 146 (1999), no. 1, 1–38, DOI 10.1006/aima.1998.1821. MR1706680 (2000i:32053)
[21] Howard Jacobowitz, An introduction to CR structures, Mathematical Surveys and Mono-
graphs, vol. 32, American Mathematical Society, Providence, RI, 1990. MR1067341
(93h:32023)
[22] J. J. Kohn, Boundary behavior of δ on weakly pseudo-convex manifolds of dimension two, J.
Diﬀerential Geometry 6 (1972), 523–542. Collection of articles dedicated to S. S. Chern and
D. C. Spencer on their sixtieth birthdays. MR0322365 (48 #727)
[23] Martin Kolar, Francine Meylan, and Dmitri Zaitsev, Chern-Moser operators and polynomial
models in CR geometry, Adv. Math. 263 (2014), 321–356, DOI 10.1016/j.aim.2014.06.017.
MR3239141
[24] Martin Kola´rˇ and Francine Meylan, Inﬁnitesimal CR automorphisms of hypersurfaces of
ﬁnite type in C2, Arch. Math. (Brno) 47 (2011), no. 5, 367–375. MR2876940 (2012m:32038)
[25] Martin Kola´rˇ, The Catlin multitype and biholomorphic equivalence of models, Int. Math. Res.
Not. IMRN 18 (2010), 3530–3548, DOI 10.1093/imrn/rnq013. MR2725504 (2011m:32066)
11
[26] Martin Kola´rˇ, Normal forms for hypersurfaces of ﬁnite type in C2, Math. Res. Lett. 12
(2005), no. 5-6, 897–910, DOI 10.4310/MRL.2005.v12.n6.a10. MR2189248 (2007d:32034)
[27] Martin Kola´rˇ and Francine Meylan, Chern-Moser operators and weighted jet determination
problems, Geometric analysis of several complex variables and related topics, Contemp. Math.,
vol. 550, Amer. Math. Soc., Providence, RI, 2011, pp. 75–88, DOI 10.1090/conm/550/10867.
MR2868555
[28] M. Kola´rˇ and F. Meylan, Automorphism groups of Levi degenerate hypersurfaces in C3,
preprint
[29] N. G. Kruzhilin and A. V. Loboda, Linearization of local automorphisms of pseudoconvex sur-
faces (Russian), Dokl. Akad. Nauk SSSR 271 (1983), no. 2, 280–282. MR718188 (85c:32052)
[30] Poincare´, H., Les fonctions analytiques de deux variables et la repre´sentation conforme,
Rend. Circ. Mat. Palermo 23 (1907), 185–220.
[31] Nancy K. Stanton, Inﬁnitesimal CR automorphisms of real hypersurfaces, Amer. J. Math.
118 (1996), no. 1, 209–233. MR1375306 (97h:32027)
[32] A. G. Vitushkin, Real-analytic hypersurfaces of complex manifolds (Russian), Uspekhi Mat.
Nauk 40 (1985), no. 2(242), 1–35, 237. MR786085 (86h:32031)
[33] S. M. Webster, On the Moser normal form at a non-umbilic point, Math. Ann. 233 (1978),
no. 2, 97–102, DOI 10.1007/BF01421918. MR486511 (80b:32008)
Department of Mathematics and Statistics, Masaryk University, Kotlarska 2, 611 37
Brno, Czech Republic
E-mail address: mkolar@math.muni.cz
Department of Mathematics, University of Fribourg, CH 1700 Perolles, Fribourg,
Switzerland
E-mail address: francine.meylan@unifr.ch
12
